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Abstract of JP1 1074488 

PROBLEM TO BE SOLVED: To strengthen bonding of 
capacitor bottom electrodes to interlay er insulators and 
to raise the conductivity of the bottom electrodes to 
conductive plugs by a method wherein the capacitor 
bottom electrodes of a memory circuit comprising a 
memory cell are bonded to the interlayer insulators 
making barrier body layers, the conductive plugs and 
the like interpose between the side surfaces of the 
interlayer insulators and making conductive bonding 
accelerating layers interpose between the bottom 
electrodes and the upper surfaces of the interlayer 
insulators. 

SOLUTION: Two capacitor bottom electrodes 204, 
which have a charge storage layer or a capacitor 
insulator 212 and a top electrode 214, of a memory 
circuit comprising a memory cell are bonded on a 
silicon substrate 200 via silicon dioxide interlayer 
insulators 202 and barrier body layers 208 consisting 
of a Ti-AI-N layer. The insulators 202 are separated 
from each other by the layers 208, silicide layers 207 
consisting of a TiSi2 layer and conductive plugs 206, 
which are laminated. The electrodes 204 consist of a 
platinum layer of a thickness of about 350 nm or the 
like, are formed into a rectangular shape and 
conductive bonding accelerating layers 210 consisting 
of a Ti-N layer or the like are respectively interposed 
between the electrodes 204 and the insulators 202 
under the lower surfaces of the electrodes 204. 
Thereby, a bonding of the electrodes 204 to the 
insulators 205 and the conductivity of the electrodes 
204 to the plugs are enhanced. 
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fti' U a >J!fflf # (dielectric) <D*r #© ^fffi* 

tt#t|B23frCt>*. **^f6<D r^y/fcfy h D RAM 
<OT a 2 O s *^^5>^©JB»tWvtt4j IEEE I EDM Tec 
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0 0 0 ), ^ + >(Jianq) fife© f 
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9rLl>Wi8S!rJ VLSI Tech.Syrnp.26 (1596 itCMM 

■«#) , Rtf+^5*fl&© r^tr^iioDRA 

MCDRuO, /Ru/T i N/T i S i K WS-'-F* 
*r*8W* + ^>^R»S5cS< ECR MOCVD 
(Ba. Sr) Ti0 3 J IEEE I EDM Tech. Diq. 5.3.1 
(1995^) , JX'S+f&CD rRuCDjll^Say- F_L©C 
VD-(Ba. ST) TiO, IMWt^im'-y 
hDRAMCDiriBOSIJB+i'^^^SJBj IEEE IEDMTec 
h. Diq. 5. 2.1 (1995^) , S^^' — ^ffi© r l=F#tf5; 
HSfl[©DRAMCD (Ba. S r ) T i O, $fe^ftRc>' 
P t«aSWTa»JH s 1ri*^>*ajl5j VLSI Tech.Sym 
p. 24 0-996 iCia$5? ft^C^* U ^ A * Xh 

n>^A (BWliftSOO) S^co*6^f*W 
*44flai^*CiA5"C#4o Mfc, -r^-^(Dietz) ffi© 
TS rT i 0 3 WJS^^T^^lSilCC*ft-^me^*g 
Cinfluence) J 78 J .Appl .Phys .6113 (1995 ^) (^^ 
h P>^A_hCDP t , Pd, Aufti'Clf* 
IBIS) . Riy*a«R««W5 , 00 3, 428-S|(P 
ZTM^^^^A) , *a^f^#^5. 4 1 
8, 3 8 8^(BST, SrTiOa , PZTfti') , 
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S?»£^Jff£t£RAM (F RAM) CDg«f*<i UTfflU 

£W§£^t^C#tU SiK«(3W***©»SCpolapizat 
i o n ) ffi F R A M <D Hz ; U CD ^ - 2 ft S £ tj^ f jfc #> CC JB t > 6 
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4. CcD^u-fe^i, Ti-Al, Ti-Al-N, T 
a-Al, Al-N, Ti-Al/Ti-N, T i - A 
10 1 -N/T i-N, Ta-Al/Ti-N, RtfT i - 
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<D»*«:»rMH-C^"r. C ©«Jfi#«*a»fl:S« 1 0 0 
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50 «flSOfi^1*<D3»«tt63:»»*SW 4 . 
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[0012] mt$i&a» 1 o 2 «»swcc rmt^ * 

< > S^JB* (adhesion loss) ©fc&^W*«ffltttt 

mm^m 5 , 612, 57 m-em^mummt l 

( a ) ^^1-ffet^*<D«Jt(*'Ctt, ^MftlB 1 0 8 

m 04£©iHK:*sfca&, tt^ii&ttsaHtfeiww- 

3. C<Datcr^n-^B*H»HF***5. 5 0 4, 
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1 (b) ©^#ttc©p|fi»<DB(fk©raH*awrir» 

jssph® 1 0 4 igp^^ft 1 0 2 icoracDS^ 

[0013] Mitte 

Sff £]6SB*ffi2 0 4©RI«*WWC"r-SJ:5«:H!rfB* 

(silicon-on-insulator) "C&£ 0 l^»fft2 0 2U 
»*L<«ZLK<t^';n> (SiOi ) -C*£#, Kg 
WCte, Si 3 N 4 . Si -N. S i -O. Si-O- 
N, S i 0 2 J&zmtC&$£l>f£ttWD K-^Sti/cfe 
CD. TiO, . Al, O, , ZrO i , MgO. Ta, 
O s , V 2 O s . Y 2 0 3 . RVNb 2 O s &&&ti 

« TS i -O-NJ t£E<D&5t£ TA-B-Cj <bl>^ 
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■3*) Sc£, T5c*-B«Jt**98W<C'<-SJ:9*cjiJRS 
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u, Al, T i , Ti-Si-N, W-Si-N, Ti 
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ftS, BSttJH2 0 8«jf*0< WtT i - A 1 -N"C* 
«3 . *<D«RSt*T i - NRtf (Ti 0S Al 0 . s ) - N 
<Dm<Dffim-C$>*)> (Tio.rsAlo.is) "Nt^^C 
£#*?*UC>„ mftOKSIJlOnmilOOnm© 
H©ffiHT*0f#4*^ SfS Ll*iBHtt2 0 nmi 5 0 
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Ta-Al-N, Ti-Si-N, W-Si-N, Ru 
-N, W-NL Ru-Al-N, Ru-Si-N, Cr 
-N, Cr-Al-N, Mo-N, Mo - A 1 - N, M 
o-Si-N, V-N, V-Si-N, V-Al-N, 
Hf-N, Hf-Al-N, 3 7C (XttMSC^TC©) S 
{fcfli Ta-Si-N, Ta-B-N, Ti- 

B-N) , Zr-N. Y-N, Sc-N, La-N. g 
i^fA 1-N, F-^ShfcAl-N, M*-N. C 
10 a-N, Sr-N, Ba-N, _ha©^* 3 *S*l*. 

tf, Pt-Si-N, Pd-Si-O, Pd-B- 
(O, N); Pd-Al-N, Ru-Si - (O, 
N) , I r-Si-O, Re-Si-N, Rh-Al- 
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20 [0014] &g$mM2 0 4fct, S?* 0< W*J3 0 nm 
3 5 0nmtA*CtWtU\ DRAM©m@OJS 
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<«ft0. lBumtfti.-^ FRAMC0«a5S, 

*. JSBB«ffi<D«S«*4tc«, Ru. Rh, Pd, R 
e. I r, ac^±iEfl[)ff*<D»*sKD^, Pt-O, R 
30 uO a . Ru-O v Rh-O, Pd-O, I rO, , I 
r-O. Re-O, S^±Jfi<Z)-&^ (MfM^^, « 
?Ltf % Pt-Rh-O), SrRu0 3 % Sn-O, S 
O'In-Sn- 0#$S*i£. J6SP^»3:, »Jo*m© 

ti/c^ Q ^SffiiU12 10tt»«ttr*0. *©flte!E3&* 
T i -NKO* (T io.s A 1 o . s ) -NC0r Q lC0®H©T 
i — A 1 -Nt^CiWSU, »*U<K (T i 
o.7, A lo.n) -Nt^ 0 «*deSJI»M0. 2 nm 
s!p6 1 0 nm©Pa(D«SHOWS*WL, W*L!riJ»3» 
40 ^3nm-CW 0 &3f{£iIB2 1 Ott, JSSPm@2 0 4 
om^W^SI (isolation ) 2^c7)+ 

mttte, T a — A 1 — N, Ti-Si-N, W-Si- 
N, W-N, W-Si-N, Cr. - N, Cr-Al- 
N, Mo-N, Mo-Al-N, Mo-Si-N, Si 
-N, Si, Ge 4 V, V-N, V-Si-N, V-A 
l-N, Ti-Si, Ta-Si, W- Si, Mo - S 
i, Cr-Si, Pt-Si, W, Ta ( Ti, Sn, 
Ru, In. Os. Rh, I r , 3x: (XlZW*t&7i 
50 CD) mtm (ffil^tf, Ta-S i -N, Ta-B-N, 
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Ti-B-N), Z r -1SL Y-N, Sc-N, La- 
N, IS^Al-N, F-^n/cAl-N, Mg- 
N, Ca-N, Sr-N, Ba-N, RV±i£<D'fr&L& 

tm®&&* mm* pt-s i -n, Pd-si- 

O, Pd-B- (O, N), Pd-Al-N, Ru-S 

1 - (O, NK I r-Si-a Re-Si- N, R 
h-Al-O, Au-Si-N, MAg-S i -N#* 

[00 15] v";n>co^fe»#fSil)l<bL,"C^tgL 

.«5»*^jsfi-rSo ^>;3>o»j^y h 3ti&j?3 
{cai»r«iiE3#iSfc», ^j&S3ft4^-Mb®©»*4> 

aBSlJEWCself-lirniting) Cftfci\ 

0 2 m\znm $ tiivb 3 «c««±«: a a^ffittf t (sen f- 

passivatinp)^3fCJBJSSES*T.f#4/<:8f), m@©^-^tC 

[0016] *«WSIBiXB* + ^^^3|tt»*2 1 2 

fcfc, Sf*G<fct, #xl3 nm*6 1 5 0 n m©iSBcr)J53 
4ftSBa-Sr-Ti-0 ( (Ba, Sr)TiO 

WWBt«40fW«K:ii. T a 2 O s , P Z T % B 
a a . x Sr x Ti a . v Zr v 0 3 (XB, J:<3— «tfJlC 
B, BSZT) . Pbt. x La, T i ,_ v Zr ¥ O 

3 (X« s i^HIKKKCtt, PLZT) . S^B i 2 A 

B« 0 3x _ 3 (Xtt, ,fcfl— jRWKtt, JI{b3nft:^ 
D^^>{ hBiOtftt) ffitttls CCtAit Ba, 
•Sr. Ca % PbX«Gat?**K BB, Ti v Ta, 
ZrXttNbt?*S. HftKJfc, #S lA»S8WM*f* 

5 0 Xti*h<t *) ^* ^Bi$tW-t 6. THSPmS 
2 1 4B, »* L< B 1 0 nm^6 1 0 0 nmCOffiHO 

SC?lJ^L/t&<DCcm, T i - N, T i - A 1 - Ns T 
a-N. T a — A 1 - N, W-N, W-Al-N, Cr 
-N, Cr-Al-NL Ru-N, Ru-Al-N, M 
o-N, Mo-Al-N, V-N; V-Al-N, Hf 
-N, RtfH f -A 1 -N#$S*i£. 
[0017] H3B*2OSfa0l»^ifiWCD* + >'^>'^ 

CC, Btf, l^CD* + ^>£#^3ft"CU& 0 CO-feJU 
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*Creflectivitv)©IWH*3l*iBC:L, O^cDx 

£ a CCD*jfi»«. 7 ^^>f r ^> ^(free-stan 

10 SSt^i). 

[0018] *-W^>£B. »*L< »S i o 2 r£>& 
*^/^^HH6»ff*tfi-3 1 6(DhU>*tt3fiK3ft 

(HJ%, fx3f) o * + ^^>*HI«»*©e«, BSW 

**}3 5 Onmtti, *MW*©«»««C«. S i 

3 N 4 , Si -CX S i -N, S i -O-N, &tf±3fi 
(7)F-7'$nfc^(D^^o B 3 3 

20 JBSH>. SS{SitJ13 1 0B h u>eRt 

ffil^ £BB«BS3 0 4*«aittOia«XgrKI»^ti3&l^ 
CifcttUfcT***, JgSPmffi3 0 4©mSlW»(i*«l 
f$-rsfc*&K:»3 l 0{^t^>^ffi-cSiin^ 
t>. JSW»ffi3 0 4ttH2tc^Lfc^SISW©fc©J:0» 
C\> 3 Btt 1 0 n 6 5 0 n mOJUt* 0 , 

«jfif*B02OC^Lfc&<D<fc»(HU Ifi3 0 0±JCf 
Jffi3nSJBIH«IIW*J13 0 2 SStf. SSPMS3 0 4 
B, »«1tg«fiSiJB 3 1 0 % BMt»S<*3 0 8, ^r-Y 
30 ^t®J13 0 7S^7« 0 6^bT»I3 0 0 <hg 
fii^^o JSSJ$^S3 0 4B, + + ^>*«»ft3 1 2 

t\ ^cccnai5«S3 i 4rMm3n^ 0 un<DmiRRa 

[0019] m4r&m3<DP5£L^mMffl(D3rv^>% 
*S^L, »iS#4 0 8*113 3 tC*S J: ^tcS^ttl^a 
l*Ci*^tfia3tc^UfcfeCD<!:IIiar4S>€>o KMf* 
RtfgetflEiSt 4 1 0B, ffllfiac^JSWcDtfta^'SSfiU- 

r &m~r s c i ©T? * s ^ n -fe ^ s xnt? 

40 tf^hStaWS. C<Di5&^0"fe^©- ^JB^^> 

5X^v ^3n/c7 7 ^^^(Hux) ( tne»CDJK^B, 
aSSSlWCCcpttr**) ^rftl^(thermali2e)l/-r^> 
{ti"5C<fctCcfcorH?r3*i3. + 

>/^cg#, -en€:RFm*r'aeT^ciccj:or^ 
3n^ 0 ^^>^b3n^x^*^ ^m-?-b, ^x^i^"^ 

50 fl***{bs*, a«©^^v*y>y • v-^<tofe 



(6) 



[0 0 2 0 ] 0 5friSfl4©$?3: lA^eSM©^ 1 ^ ■ 
• * + ^£*j}Vr. c<D«jfi»«, J: 10 

Cirab^o ^(sacrificial) MftftH*^^ F 

[0 0 2 1 ] I2I6 (a) «\ B2T^0fc»*lA»SiS 
«6 0 OiJCjg/SStiS. V-*6 0 ISO' FW>6 

0 3« t s«6 o occax^n^o h^>^x^-y- 
tch^>> ; x^^^^ 0 ;ira»^ft6 o 2^ 

• 0 IfcbT* h«6 0 9 (*©Wffi*> 

^intl^ (offset) Ci^/ctel^l") «C 30 

tWPJLfctMB&iffS. JE»«S6 0 4tt* + ^>*«» 
#6 1 2Ri^Tia5«a6 1 

[0 0 2 2] H6 (b ) 01* DRAMCD^^eV 
- -fejl/ • r W4ftfc^0tT*£«<D5"&© 1^©, 1 
F-7>^*£/ 1 • Hz;t/© 5 RSEI"C*€>. 0 

6 (a) {c^L/ZtBrffiHt*. 06 (b) ©1 2fli©* + 
^isd*d b 0<Dtp<D2m%:7T;to 5 2WH6 40 

(a) (Dh7>^^ • ^-F6 0 5Kl>fH£-rS. 06 
( a ) ©^ ^6 0 6(i, 06 ( b ) "CttS*6 5 4 <b 
OT^T* 126 (a) ©try h 6 0 7 63:, 

06 (b) Ttt5*6 5 6r*£. H7«, 06 (a) 
^Ltc^y FiHLh*-w^>£ (COB) ■feJKDJRfcf© 
e^ST^-f^^ (CUB) ^*y-fe;KD— Wlr* 

Cft F«7 0 0#*+^>#7 

i^S. try b«&tffcr* vm-y'^yi 0 4«i«MWcc, 
^>^r> ( T^^'i'A, imAl-Cu^<!:(D 50 
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[0 0 2 3] l«t 

08 (a) - (c) , 09 (a)-(c), 010 
( a ) - ( c ) , 0 1 1 ( a ) - ( c ) , 0 1 2 
( a ) , ( b ) RVm 1 3 «, D R AMOWKSj*©* 

To 

[0 0 2 4] <a) at-^U>^«W*8 0 2 iCM 

o s BiHHBatM * »; • -feju - ru^fcjpf-ra^-o 
• ^*;u<h**"rs^ 8 o o (xasois 

s) *tfi\ y-hW8 0 4^jSt^c 

i . jaa f ^ * * ^- f aiyy- f * u-^^ws 

tJ^JES-T 4. 08 (a) #flg 0 
[0 0 2 5 ] (b) ft< F-7*$ti/cFU^>(DttA 
*fflV *©». v^t^ bt3&7&*v*>#£K.J: 

0 . y- h±Kffl8ffi»IW*8 0 8 «&3trs. *W«I« 

fla^tf o Cicero, iiav-x/Fu>f>^v- 

^8 10R[>'FU^>8 12?:Mt, F^>i?X£© 
^W^7f^„ ¥ffl*b3ftfcJiMRtl«8 14 ffli 
tfBPSGCborophosphosilicate glass) ) "CC©#3& 
M?Mt^ 0 08(b) #JtK. 
[0 0 2 6 ] (c) ¥fiftShW6IW*t«CV-^8 

1 2*ra-f (hrr) *7thyv^7^ic 

J:W^TX^>^ 0 >1^^ h •? (in situ ) 

pi f - 7^n/c?i< y ^ «j ^xD^ >t ^ b * -fM*^ 

v h<bx^^>y * ^^y^*tflV *:-;l/CC^T-A8 1 
5*Jgja*J-5. ¥S<bSJhftJB«kflE*«cFU-f>8 1 0 
7 * b Wtf^V a SCcfc^&TX 

y&>9irz>*- -o-ty-i b v - F-yshfc*y^';3 

^©^y^^fb^>y^^> • *f v ttttlstr v 

tcsttsnatr^ has i 6*?i5fl6-rs. x^^-^n 

#f#5#, tfSKIJTEOS CtetraetJiyloxysilane) 
fH8JB5» (precursor) ^6?BJ5KSn4 5 0 0 nm©S i 
O, -C*4¥ffiftStifctf y h«±tftW»8 1 8«fctfS 
T^o 08 (c) #S§ e 

[0027] (d) jwmbsntet:^ hfiLbKtt^s 

1 8tC*iw^>£gffy^ F • n>^^ FHPSUft^fiE 

^2/*S*{CJ:-or, FfBUUfe^*8 1 8©*ffi*> 
6HX^^< < > 09 (a) #M 0 

[0 02 8] (e) MPaWP»6«j2 0nm*65 0n 



11 

SW»rft7 2 5 Tt^&ajRrx-^fr^ 

[0 0 2 9] ( T i o . 75 A l„.ts) -N**^*-^ 
hfcffllB<D»9*a5»U tfv Fi|(U3»!*#8 1 8©» 10 

¥ffl{ts»r t: * f mm#<Dmffifr %m o k < . cn 

SC<fcD, ya>SJJ»8 2 ORC^T i -A 1 -NPS 

M*6I5»8 2 2*»U ^^tW8 2na^t» 
«3hS^^o< 09 (b) #i a 

8 2 2^*-5CitCi«3, 4>&< <fcfc2O(0Wj^*sffi« 

£n£ 0 i ) # »; ^ n> • ^/»e*i?ffiacx« 

^^w, ^3^i?t^ h yrm^it^^y 20 

B^b^Mf^ffitS 3n^ e 

[0 0 3 0 ] (f) (Ti 0 . 7 sAU. 2 s) -NCDpSi* 
3g*KKtJf 8 2 4 «3nm) 3 5 0 n m 

cDa^cDJ6SPm®18 2 6Sf^7 FLt1fj6f**» 

C£#r*4. B9 (c) #J(g. 
[0 0 3 1 ] (g) Ti-Al-NOjB2 0nmO^ 

-Kvx^®8 2 8*f^t/ Mr, m^mmms 2 
%mzmm±m <aro i8 2 9tf#i>v ft 

7* F Uv 1 ^ F83 o*-^^* FU^' 
LTj£»Wfi«:*J5S'r*. HI 0 (a) #flg 0 ^- F^ 
^^tm<D«SWc«, Ti-N. Ta-N, Ta-A 
1-N, Ti-Si-N, W-Si-N, Ru-N, W 
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-N, Ru-Al-N, Ru-Si-N, Cr-N, C 
r-Al-N, Mo-N, Mo-Al-N, Mo-Si 
-N, V-N. V-Si-N, V-Al-N, Hf- 
NL Hf-Al-N, 3tc (XfcKc^TC©) S^fcJR 

Ta-Si-N, Ta-B-N, Ti-B- 
N) , Zr-N, Y-N, Sc-N, La-N, A 1 - 
NL F-^StlfcA 1 -N, Mg-N, Ca-N, Sr 
-N, Ba-N. ±i££T i -NiO^, Ga-N. 
Ni-N, Co-N, Ta-N, RCFW-N 

Pt-Si-N, Pd-Si-O, Pd-B- 
(O. NK Pd-Al-N, Ru-S i - (O. 
NK Ir-Si-O, Re-Si- Rh-A 1 - 
O k Au-Si-N, Si^Ag-S i -N#^$ft£ 0 

[0 0 3 2 ] (h) 7* F F8 3 OCCioTltt 

asnTfc^on^a^- fv^^is 2 smarc 

■ 8 2 9©gR»*. JfclSWiKJEE* fi/W7X, ifijfl^- 

f ^ p h a >*87 7 • x ^ > i/ggr , 

OT©*fr^TS*iS : IE* 6. OmTorr, V- 
XI*1 5 0 0W, RF^>f7XiA3 0 0W, Cl 2 
SEil5 0scaTK Ar^SllOsccrru X v ^fetttDfC 
ewco^tfr*, ^l^#M^n/cC^ 0 *G>«L ? * F 
U^XH 8 3 0«O a 7 7X7t7^»^n, AR 
C»»|»*SnS (ARC18 2 9B^-F77^0- 

<DBfc*CCJ:i) k JS»««B8 2 6±6C^- • ^ 
£->8 3 2*(gi3*i4. 01 0 (b ) #KL 

[0 0 3 3 ] 

[*1 1 



(8) 
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Recipe 




Pt E/R 


TiAIN B/R 


Pt: TiAIN 


# 


SxftffiM ; E* : ECR/BF^* 


(A/rain) 


(A/mln) 


mm 


1 


C12.50sccn:lDT:1500/900W 


840 


2422 


1:2.9 


2 


C12/02. 47/3sccn:lmT:1500/900W 


-BOO 


2234 


1:2.8 


3 


C12/02. 25/25scan:lmT:1500/900W 


600 


88 


6.8:1 


A 


Ar/02 40/10sccffl'2nT*1500/900W 


1715 


146 


12:1 


5 


Ar/02. 25/25sccn: IdT: 1 500/90 OW 


1700 


133 


13:1 


6 


CI 2. 50scciB:2nT:15OO/3OOW 


<100 


3851 


<l:38 


7 


C12.50sccn:6fflT:15O0/3O0W 


<100 


3556 


<l:36 


8 


C12/Ar. 50/10scca:6iT: 1500/3001 


<100 


3497 


<l:35 



[0 03 4] (i) Y-?*5> • ^'£->8 3 2 CC 20 

«tti£BE> */WTX<D, Ar/0 2 , CI, /O, X 
«Ar/O z /CI, iffiSffi^^X^-CWBft*, 

«8 3 4 t^jss-r a-. a^js^etDx * * > « 

TCO^ff-C^$n^ : JE^?2. OmTorr, V-X«KF 1 
5 0 0W, RFaV7X1A9 0 0W, AriH40sc 
cm, 0 2 iifEill Osccrric C©lfc y tffeT i - A 
l -Ng^fSljl8 2 4±-e^±-r£ e C©^n-fe^CC 

[0 0 3 5 ] (j) fiffl5«S8 3 4Zi^^-.K^^ 

8 3 2(c±^raasn-r«c«^Ti^«is63&^T i - 

>yte, JWT<D*fl="C3SfT £ft<5 : OmTorr, 
V-^1 5 00W, RF^W7^1*3 00W, C 
1, SfcSSOsccm, A r SKSS 1 0 scan, *<DgL Elk ft 

11(a) CCfiSrU-Cl^ttl^, »BHB«ftX»tfy h 
J^*&*iM*8 i 8<D^^mi^ri>J:^ 0 C<D*-'*- 
x?*», s^r0t»3n^+t^>^6i» (Mi 40 

BST) JgSPH«&8 3 4, «FCC«B©JK«iS< 
*BIU»4^r*JjSl<ttt9»*. Ti-Al-N824 

[0 0 3 6] (k) RFv^*ho>-^y^n;> 
^^I^rit^SS 0 0 e CTB a a . 5 Sr 0>5 T 
i 0 3 <D$)4r 0 nm<D**>^>'#$&^Wf 8 3 6*7^ 50 



4 -ft, F • t/U- h 8 3 8 %f=5f<^ v ht6o a 1 1 
( b ) #I 0 

[0 0 3 7 ] ( i ) &&Om$Hmm8 3 8_hCCjRj2 5 
nm<DB$(D (T i 0 . 75 A U. IS ) -NCjSfflaiyA- 
F^^18 4 0Sf^yh« B mii, Si-O 
-NXKW«^»3fc6JffiSARCB8 4 1 F 
T^o 7 * F 1/^ h 8 4 0 ? - 

-60 Ell 1 (c) #.ffS D 

[0038] <m) Ti-Al-NI840O»S$ 

<Dft#T*T : E*J6 . 0 mTorr , V-Xl^ 1 5 

0 0W, RF^-f7^«fi3 0 0W, Cl 2 iKSSOsc 
cm, A r 1 0 seem. V * F h 8 4 2MA R 

C18 4 1^»< (ARC18 4 1(^-F7X^i 
UH$nttJ:lO . *<D», a-stt^T i -A 1 
-N^-F^^iirffll^ liSBm®? h — ft/ F • 
^U - h 8 3 8&CTRC*-5B ST8 3 6 cDggfcfciSn/c 
gB#£, JfcjRWffiEL iS^T*^ Ar/O, , C 1 
2 /O, XBAr/O, /CI. 77X7^^rmi 

2. OmTorr, V-^SA1 5 0 0W S RF^7^« 
^79 0 0W, A riJSiI4 0 scon, O* iftit 1 0 seem, B 
12(a) #1, T i - A 1 -NH«*J>fc< £k3o© 
«ffi*tl«-rS. 1 ) TKl*4IH««SW©xsr^>y 
©^-K^^iltML, 2 ) B^CDHIHJ«*7 -/ 
-;UF- ^U- F 8 3 8^»SlSA^t (HtB^n/c 
x^£|&<) s P 42 *Xgr:/Piz;*£SB# 
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fay - y'l/- Yt<DWl<DtfT - zi>&# bom 

[0 0 3 9] (n) -fe;b • 7l-f 8 AARVTUJin 
2SB8 4 6<D±CC5 0 0 nm<DB$<Dmm&Bfc (Wi 
«, PETEOS) tWurbT*. Blfltfittttx ? 
^>^fc*««, Ar/CF, /CHF 3 tflH 

1>T, 7 F • ^W- fhsbst\ ao*jaaF5> 

-(liner) (ff»iUi, TiXKTiN), 

f-^T^s-^Attt*©^*^*'^* F brers 10 
4 8^«L, S£l©£RH8 5 2€rJf2fi£T4. El 2 

(b) ft^(DM*4scxx^^>yxfi^ aao 

[0 04 0] ( o ) &tt<Z>&flML «*.«fH2 CD^H 
j»8 5 4a0W3©*ni»8 5 8 «>, JM (n) 

^ftft: t'T •i^'XF? ^0*Jj^*f#4 C i Ait?* 
-So » 1 (D^JSH 8 5 2 B\ f&2(D#JBJ18 5 

4*»6©t7 * • * F -^^iUrfeafiB-rST i 

-Al-N^- F"?X^8 5 3=&»^x^>^§ 
C M2Q^B8 5 4£ff5/£T£ft:&CCffl 20 

^JDi^m 3 (D^Hccft-^-r s err os»*Wttx ? =f 

[0 04 1 1 114 (a)-(d), 115 (a)- 

(c) 6(a), (b) tfu/ MST**'* 

p-fe^&SVT. ±&®?U'lzA<DJz5tcJ&tib$titcb5 

Jfi»0±«:»J5SStl*. TEOSBTOWJW* 

*>> 30 
[0 04 2 ] (a) W-iB^tltcmmmcy-XQ 0 

2^r^^ ( fcrr) F yyy77 * *^k:£S> 

x^>m« HI 4 (a) #Mo 

<b) -f F ^PiF-^ShfcjP'i v;^>cc 

l\ ^-;WcXfA9 0 4^TS o 014 (b) . 
[0 04 3] (c) ^^^>I9 0 64 V 

o/c^>iT i -N£BXEfc< „ 114 ( c ) #Rg 0 
[0 044] (d) (Ti,. 7i Al,.„) -N4^ 
•j* - -ftfisv bLX. ^';f>»;^>9 0 4CD^*CCcfc 

9oocDaH^H^ 0 mmmtn^w-mtu, *n«rw 

cncc«fco, #ys";=j>s$#9 0 4So'T so 
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i - A 1 -NPi!ittSfl#9 0 8*WU^-r<b«0»9 0 

6tc<fcoT»ai3ns^^o< e>ns. hi 4 

( d ) #Jffi. 

[0 0 4 5 ] (e) (Tio.7iAlfl. 2S ) ~N<DW^> 
&gffiMJI9 1 0 (m3 nm) , *fcl>"C 3 50 nm© 
&&<DJSffttfiJB9 l 2*^*iW* F or«B6»*tta 

HfiTtZ. T i - A 1 -N d^ifT) <Djfa2 0 nmO 

Fvx^ji^T 2 ^^^ bLxm^mmm9 1 2£M 
bws. w*tf, s i -o-Nxi*w«*B!Ji*wr4s 

«K±« (ARC) (HSvttr) b?z 0 
tiX fecfclO . ^- F^>? • v**->icj;^r8HIS 

*nri>tti>ffis«M9 1 2o«^*ki»<- mamm 

9 1 2K<fcoT«ffll3n-rcc»-ori>S««3&>6T i - 
Al -NfflHBttJIQ 1 0£rgtf&< 0 115 (a) # 

[004 6] (f) Ba 0 . s Sr 0 . s T i O a 0^J4 

FT£„ ^©f&, ftlOO nm©e^©HSa5«S7 
-r-iUK * ^U - F 9 1 6£f^^ bT^ B S^OTB 
Unms 1 6±fC^j2 5 nmOi?5CD (T i 0 . 7S A 1 
,.„) -NM^R^^-K^X^I19 1 8*^*^5? b 
•fZ. fiflitf, S i -0-NX«*««!lJB^6^4AR 

(l^lfr) ZfyfiZsv bl>'*Z-~>#l>X s m^m 
my 4 ->l> F • ^*U- F<0^f?^r^i6^ o Ti-Al- 
N@9 1 8©»a3tiro*JB:lia5^*ffil»<. ARC/1 
Ktf:7* h Ui?;* h&BU&< (ARCitt^-F^i' 

i-Al-N^FT^^iOrSW, 

^-;l/F • ^U - F 9 1 6SO + TtC^^>BST9 1 4<D 

«ffi3nfc«jJ*WI»<. 115 (b)#JtR. 

[0 04 7 ] <g) «itf*±5C5 0 0 nm<Dm$(Dm 
P«il*9 2 0 (^x.^, PETEOS) 4f^^ h 
U^iSftT&o bT^ F«n>*d? F - er9 22*b^ 
>^^(DFl/^>9 2 4^rx^>n^ 0 116 

( a ) #fig, 

[0 04 8] (h) f^^Srf^vbU IS 
(c) ^^L/fc^r-f^a-fe^Sffll^T, h^>^^ 

FI/-f>9 2 4(c^^t!S(^f) 4»/iW 
S. »^0< tt, S i 0 2 t*4it^>*^F • *- 
;l/-7-ft-9 2 3*ftJI5 CVD7* 

>^1S<. 116 (a) #fi§ 0 
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[0 0 4 9 ] (i) KU-f >9 24£Sfflrr5, 
#Z?>XIZ# ';2/'j3>&i'<D^7 h«i»*{t9 2 6 
£r*^ hU hTy h«*«J«-rS. 016 (b) # 

4 J: 9tti*Jfflrai6tt3ft«*«K(Sl^ Q^x -^>^ • 
:/a-fe*tt, iilt, fbW«c«»*4*fflWttx* 
^>^i?£>& 0 C<D*S** x**>^ilffi«:a< io 

$£Cta^^tj^/^tMcc*f-r ^x * ^3»Rjtttfi 
e^x * ?>^i*ft36Sis< , mKm$mim/mmt<c 

*> . 

[0 0 5 0 ] SfcW^^- h'KDBWb (XttSffc) 

e^cDJggpm®x^^>^CD^- Fvxi7i 20 
ITffll^CimS. P t : S i O, t : S 

i N x <Z?a»?J:b6i«Sfl<JK:2 3!P6 3<D|fflr*S«, 7 * - 

F • xur • ^n-fe*ccj:4^- F7X^J 

tt, ^o^^-jbF»bjiHitJfeiai)»s. s i o, 

Xy?>i/Attffilr^ac^ C<Dtc#>, tgf^-J*(Dx 

[0 0 5 1 ]Ti-Al -N«. »-33&>©gfiK:*jt>T 
fi£«B©^- Fv* d^Wfi-t brSf a lA>aJR]Brc* 
£ 0 mi iC, T i -A 1 - Ntt, ififf^W^Xv (C 

1 , . C I z /Ar, XK4>*D <WA«, fa 1 5 % <fc 

fcXy?>4/»]-C«:ft5 0 0W«fc*M^O rglicx 40 

^gSr^trx v ->> ^ftl^L i^^O, 
*tT4A r/O z ^7X7, Ar/O, /C 1 * 
L, /0 2 zf^Xvfy-C. T i -A 1 -N^fcStfcWo 
< 0 <fcxv^>yStiS, *H±, T i - A 1 -NCD^ 
-Fv^^Jii LT©SS*tt, ^-F^**<£>eSRS 
ttftii UtlS^T^ljtTJl' 5 x^ A^MT^/cis?) 
^- F-7Xi7JHOT;U5x«jAitt^-r4x^^>yffc 
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*#ttf*fcM>tt< it> l%©T;l/5x-JA*$tf. Ti 
-A 1 -N^Tn^ x^Ac2Sg0±[Jgy\ fl|*tf. « 
T£8i9i"S"St:T • x • * F y^H(Oj:5cca»«tt 
B*iLr«jSit±«:»4^-Fv^i;JiCCjaffl3n* 

»v ±as<DSISB0i^a-fe^©Xg (ff ) *#flB3*i^c 

s -a a /c to ccffl i ^ n s ±a©^8»w©««fflis 

[0 0 5 3] try - Xyf-XF y^)g 

-/-^F-^u-Firi, jaah^^^^^a-ci© 

fcfT©ai33&S5 0 0 nmtl±SftSCi^*4»o^© 
■ x^>^Il*ffll^Ci*s*4. TIN 

M^bH«C^4*C0Xy^>d/aiRJ:btt3 0 : ICC 
Rt;a*Ll^Cib*S«Hr^ARCJI«:tt* 

[ o o 5 4 ] t i N<ormm\t % mmRcwimom 

^CC?tT 4#n?cx y ^> ^iliRi:b^ffi#t-^^ C 
^tl^ 0 ±Or«l8L/tlB««OJB8 4 0, 8 5 3 
Ktf8 5 1) Ti-AL Ti-Al-N, Ta 

-AL A 1 — Nv X«2) Ti-Al/Ti-N, T 
i-Al-N/Ti-N, Ta-Al/Ti-N, Ti 
-A 1/T i -A 1 -N, aV2JB*«J5S-rSf6©ra« 

<offl-&* (Ti -N*^-ci^rfc*4a<rfcJ: 

4o #*Ll>*«3Ki (TU. X A 1 x ) -N~C&9, C 
crx»TJl/5x^A?*K"C*0, »0. 0 1*60. 
6 0<DffiH-C&& 0 7;^x^A^I©±TO, ^CC 
*t»<DJ»«ttCcJ:or^to6nS (T i - A 1 -NCC4d 

c^r, »**coatatt, r;U5-^A#wsi^c±tflut- 
S) o tfT • x«y^ . * F ';7'tat T6C*S»«ft 
, 112 ( b ) <DIgSB®®8 3 8 ) i±ffj*« 

* si2 (b) <Dmi<D&mm8 52) t© 

T^Ci^U^o «ffiTJl/5xi?AallS« H iCCX 
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[00 5 5 ] Ar/CF 4 /CHF 3 x * * > ^ffc^ 

«{fcl«: TiN»2 8. 4:1, BtfbR : T i 
. . 7 1 A 1 0 . , , N 6*4 8 . 2 : 1, ROWkl : T i A 1 
3 «22 8 : 1 0 i7?>^ii6(T<DI»)-C*4. 
JE^2 5 OmTorr , RF^V 7XfS 8 0 0 W v A r fifE 
512 0 0 scan, CF, iKI7 0sccnu CHF 3 S£il3 5 10 
scaru Riao*S**S. Ar/CF« /O t x*=f>^{fc 

«iJttt«T©»^r*4. &4bK: T -i Nttl 2. 
9:1, SftIK :Ti,. 7i Al (lli N«30. 3:1, 
RUmtm :TiAl 3 &*3 9. 5: 1. 4r-Hfc^U =» 
>-x?*>4/«, Ar/CF, /d x^>^t« 
TcD*ft=*flai^"C?fton4 : EE*2 5 OmTorr , RF^ 
^7^8 0 0W, A r SKS2 0 0 seem, CF 4 tfciI 
7 0 seem, O a Still 2 5 seem, BfffflS^ • x ? ^ 

Ksnfci*. R»oxv^>y<fc«i»i, cf ( , c 

HF 3 . CH a F 2 , CH 3 F, O, , Ar, SF B , 
C, F, , C 4 F, , C, F* ~SlU^<DV ?ffcX»^'- 
:?;l/:*y#— * ? F(perf1uorinated)^t7k3R«:$* 

[0 0 5 6 ] ±a©tt*4*«ffl-rSCiCCJ:0, t'T * 
x** • X h v ymcM?2>Mim*v?>#miJltt& 
m£*)> ^txfc£*) trr - x** • * h *:/b (m 

tf, 131 2 (b)O!840) %aS7S:%|BWSC<!:& 30 
<> -«*L»*w^ • x^>^ft(Cft4 a DR 
AMCDffljfifiCtel^T. «ffi«C>Et-rSM^fclSx^^>4/a 

^*«»3tt5C<fc#*S. 2JIXB3 JM«JWiil> 
SSI^CreHectance) JB'hS < tt4 <k 5*«fl:3 

■ra4#ajaE3n»-s. 40 

[0 0 5 7 ] ±2©ttl4(De7 •i'^'Xh^ 7*&c>* 

3«*St<t«ta«3*ifcl>. «RL loco® 

l»T, ia©t'7 - x^.^F ^^tt*4*ffll»SCi 

£T0c&£ii 3 tiS <t 
#, S£oT, J:o*E^eT*o<*«FiHlft#A*J:9br 
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[0 0 5 8] *»!litt«^ffl©ia»«**«RLTttM3 

[0059] ^(DmwtcmLxmc&cDmzffl^-? 
(l) ^*y-feji/*^tfy^»;isiB&r*-3-r; (a) 

»l<D«ffi^»«±««CMW*WTSJ^«Si, «T 

JtiffifttTSH^ffii**^**^^^ (b ) 
« 1 SC/1 2 CDffi^- i ? - H««[fflttB^«fc «r#tf h ^ > 
( c ) 1 <D V 7 *«hF-«:JS^3 

[0 0 6 0 ] (2) siSfcfBtto^^euiaiB-c*^ 
UiB»att:«T i - A 1 - N*£tfV * UlUiS, 

(3) »i3B{ciatt©^ ; eyiai»"C4E>^r, ttrtaSM 

ASlJBfctT i - A 1 -N*Stfy*yilll5. 

( 4 ) ^2 mwzm 3 ^coiaigoy * y §»t*o 

ItflBT i -A 1 -Nte0%#>65 O^OBiOT^ 

(5) ^4JSJCfB*ScC7)y^:U[PlSgT^or, ffrTlBT i 
-Al-Nti<Ti„., s Alo.n) -N"C*4^-=&';ii 

Bo 

(6) si^ciBigo^-tyieiiK-cftor, frtBjssp 

[0 0 6 1] (7) »2fiDtt»*Slft89«:xsr^>y 

*x^>m*ffit*r?T, (a) BufBfi#Jl<b 
IWB»2 <D^<k©IHCcK3|ttEJl»*®flcL/, ( b ) 
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